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Abstract:  In  this  paper,  a  solid  plate,  slotted,  multiband  gasket  monopole  antenna  is  modeled  using 
NEC  with  a  wire  grid  approximation  of  the  plate  structure.  The  objective  of  this  work  is  to  determine 
the  extent  and  accuracy  to  which  the  wire  grid  NEC  model  can  predict  the  resonant  frequencies,  the 
anti-resonant  frequencies,  and  the  impedance  of  the  multiband  gasket.  The  NEC  simulated  return  loss 
and  impedance  are  compared  with  measured  data  and  FDTD  simulations  performed  using  CST’s 
Microwave  Studio  (MWS).  Results  show  that  the  wire  grid  NEC  model  can  be  used  to  accurately 
predict  the  return  loss  properties  of  the  antenna  including  its  operating  frequencies  of  minimum  return 
loss.  It  is  also  shown  that  the  wire  grid  NEC  model  can  very  accurately  predict  the  antenna’s  resonant 
and  anti-resonant  frequencies,  and  the  corresponding  resistance. 
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1.  The  Slotted  Multiband  Gasket  Monopole 

The  slotted  gasket  monopole  antenna  considered  here  is  derived  from  a  Sierpinksi  gasket 
monopole  and  has  previously  been  shown  to  exhibit  multiband  behavior  [1],  The  solid  plate,  slotted, 
gasket  monopole  antenna  is  shown  in  Fig.  1.  The  antenna  is  15.24  cm  in  height  and  was  fabricated 
using  0.0508  cm  brass  sheet  stock.  The  four  slots  were  milled  and  located  at  heights  of  0.95  cm,  1.91 
cm,  3.81  cm,  and  7.62  cm.  For  measurement  purposes  the  antenna  was  mounted  over  a  120  cm  by  120 
cm  aluminum  ground  plane  and  was  base  fed  with  an  SMA  panel  mount  connector.  The  antenna 
impedance  was  measured  over  a  frequency  spectrum  of  50  MHz  through  12  GHz.  The  measured 
return  loss  of  the  antenna  is  presented  Fig.  2.  The  return  loss  is  determined  relative  to  an  impedance  of 
50  Ohms  and  illustrates  the  antenna’s  multiband  behavior.  Over  the  frequency  spectrum  of  50  MHz 
through  12  GHz,  there  are  5  well  defined  frequency  ranges  of  minimum  return  loss  as  detailed  in  Table 
I. 


Table  I.  Minimum  Return  Loss  Properties  of  the  Slotted  Gasket  Monopole 


Frequency 

(MHz) 

|SU|  (dB) 

321 

-8.3 

1148 

-19.7 

2378 

-28.8 

4897 

-44.6 

11313 

-38.2 
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2.  The  NEC  Wire  Grid  Model:  Return  Loss  Properties 

The  four  slots  located  along  the  vertical  axis  of  the  slotted  gasket  antenna  define  its  multiband 
behavior.  At  each  of  the  operating  bands,  the  maximum  surface  current  density  occurs  near  the  narrow 
metal  strips  between  the  slot  and  edge  of  the  monopole  as  illustrated  in  Fig.  3.  At  a  frequency  near 
1148  MHz,  the  maximum  current  density  occurs  at  the  edge  of  the  upper  most  slot,  while  at  a 
frequency  near  11.313  GHz,  the  maximum  current  density  occurs  at  the  edge  of  the  lowest  slot.  The 
challenge  in  constructing  a  wire  grid  model  of  this  antenna  is  ensuring  that  the  wire  grid  structure  in 
these  narrow  metal  regions,  and  near  the  feed  point,  is  sufficiently  dense  enough  so  that  the  high 
surface  current  density  in  these  regions  of  the  antenna  can  be  modeled  accurately.  At  the  same  time, 
the  wire  grid  must  also  be  sufficient  throughout  the  remainder  of  the  plate  structure  so  that  the  total 
surface  current  density  throughout  the  entire  antenna  can  be  modeled  accurately. 

The  NEC  wire  grid  model  of  the  slotted  gasket  monopole  antenna  has  7,864  wires  and  is  depicted 
in  Fig.  4.  A  FORTRAN  program  was  written  to  create  the  wire  model  with  the  antenna  height,  top 
width,  slot  locations  and  wire  density  being  arbitrarily  set  by  the  user.  The  slots  in  this  model  are 
located  at  heights  of  approximately  0.92  cm,  1.83  cm,  3.81  cm,  and  7.5  cm,  which  are  all  within  1  to  2 
mm  of  the  values  in  the  fabricated  antenna.  In  the  wire  grid  model,  the  wire  density  is  increased  in  the 
lower  region  of  the  antenna  surrounding  the  four  slots,  while  it  is  decreased  in  the  upper  region  of  the 
antenna  where  the  surface  current  density  is  relatively  low.  The  wire  diameter  in  the  model  is  0.2  mm, 
the  longest  wire  is  6.097  mm,  the  shortest  wire  is  1.524  mm  and  the  closest  parallel  wire  spacing  is 
0.88  mm.  These  values  were  not  modified  over  any  part  of  the  frequency  spectrum  where  the 
wavelength  ranges  from  approximately  6  m  to  2.5  cm. 

The  impedance  of  the  wire  grid  slotted  gasket  antenna  was  calculated  using  the  NEC  4  engine  in 
EZNEC  Pro  [2]  and  MWS  [3]  over  a  frequency  range  of  50  MHz  through  12  GHz.  The  FDTD  model 
of  the  gasket  antenna  is  the  solid  plate  gasket  as  shown  in  Fig.  1.  In  each  simulation,  the  antenna  is 
base  fed  and  mounted  over  an  infinite,  perfectly  conducting  ground  plane.  The  simulated  return  loss 
of  the  slotted  gasket  antenna  is  compared  with  the  measured  return  loss  in  Fig.  5.  Examining  the 
return  loss  data,  the  agreement  between  the  NEC  and  MWS  simulations  over  the  entire  frequency 
spectrum  is  notably  remarkable  considering  the  significant  differences  in  which  the  structures  are 
constructed  and  numerically  modeled  within  each  simulation.  There  is  also  very  reasonable  agreement 
between  the  simulated  and  measured  return  loss.  The  only  significant  point  to  note  is  that  the  MWS 
FDTD  simulation  predicts  a  much  lower  return  loss  in  the  first  operating  band  relative  to  the  values 
predicted  by  NEC  and  measured. 


3.  The  NEC  Wire  Grid  Model:  Impedance  Properties 

With  the  very  good  agreement  between  the  simulated  and  measured  return  loss  of  the  antenna,  one 
would  expect  similar  agreement  between  the  simulated  and  measured  impedance.  A  comparison  of 
the  simulated  and  measured  impedance  is  presented  in  Fig.  6.  At  low  frequencies  and  through  the 
middle  of  the  frequency  spectrum,  there  is  very  good  agreement  between  the  impedance  as  predicted 
by  the  NEC  and  MWS  simulations.  At  higher  frequencies  beyond  the  middle  of  the  frequency 
spectrum,  the  simulated  impedances  exhibit  similar  behavior  but  there  is  a  notable  difference  in  the 
predicted  anti-resonant  frequencies  near  7  to  8  GHz. 

The  agreement  between  the  simulated  and  measured  impedance  is  less  than  marginal.  At  the  low 
end  of  the  frequency  spectrum,  there  is  good  agreement  between  the  simulated  and  measured  resonant 
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frequencies  ( dX/d(£>  >  0)  and  impedance.  However,  the  first  simulated  and  measured  anti-resonant 
frequencies  (dX/dti)  <  0)  are  not  in  good  agreement.  The  first  simulated  anti-resonant  frequency  is 
approximately  700  MHz,  while  the  first  measured  anti-resonant  frequency  is  approximately  525  MHz. 
One  might  conclude  that  the  simulations  do  not  accurately  predict  the  anti-resonant  frequencies  and 
impedance  of  the  actual  antenna.  With  the  very  good  agreement  between  the  simulated  and  measured 
return  loss  properties  this  is  unlikely  to  be  the  case. 

At  a  frequency  near  3.4  GHz,  the  NEC  simulation  predicts  an  anti-resonance  and  a  resistance  of 
approximately  226  O.  At  the  same  frequency,  the  measured  impedance  is  near  a  resonance  and  the 
resistance  is  very  low  at  approximately  15  0.  This  relative  difference  in  impedance  is  indicative  of  a 
difference  in  the  reference  planes  of  the  simulation  feed  point  location  and  the  measurement  feed  point 
location,  which  is  established  by  the  measurement  calibration  process.  A  shift  in  the  relative  feed 
point  reference  planes  affects  the  location  of  the  anti-resonant  frequencies  more  so  than  the  resonant 
frequencies  because  in  the  frequency  ranges  near  anti-resonance,  the  magnitude  of  the  impedance  is 
significantly  greater  than  it  is  near  resonance. 

Since  the  measurement  feed  point  reference  plane  is  established  by  the  measurement  calibration 
process,  we  can  adjust  this  reference  plane  to  more  closely  match  that  established  by  the  feed  point 
location  in  the  simulations.  This  can  be  accomplished  by  adding  electrical  delay  to  the  measured 
impedance  to  align  one  of  the  anti-resonant  frequencies.  If,  in  fact,  a  shift  in  the  feed  point  reference 
planes  is  the  primary  factor  causing  the  difference  between  the  simulated  and  measured  impedance, 
shifting  the  measurement  reference  plane  should  correct  the  measured  impedance  over  the  entire 
frequency  spectrum.  For  instance,  the  NEC  simulation  predicts  an  anti-resonant  frequency  at  3.415 
GHz,  with  a  resistance  of  227.6  O.  The  measured  impedance  at  this  frequency  is  15.5  -  j  19.9  O. 
Shifting  this  impedance  to  anti-resonance  with  an  electrical  delay  of  approximately  66.5°,  the 
measured  impedance  is  anti-resonant  with  a  resistance  of  1 89  O,  which  is  significantly  closer  to  the 
simulated  impedance.  Applying  the  equivalent  electrical  delay  to  the  entire  spectrum,  the  feed  point 
reference  plane  of  the  measured  impedance  is  adjusted  to  match  that  of  the  simulation.  A  comparison 
of  the  NEC  simulated  impedance  and  the  measured  impedance  with  a  shifted  reference  plane  is 
presented  in  Fig.  7. 

From  Fig.  7  it  can  be  seen  that  there  is  very  good  agreement  between  the  NEC  simulated  and 
shifted  measured  impedance  over  the  frequency  spectrum  through  approximately  8  GHz.  At  the  lower 
frequencies,  both  the  resonant  and  anti-resonant  behavior  of  the  antenna  are  simulated  with  very  good 
accuracy.  At  the  higher  frequencies,  the  simulated  and  measured  impedance  exhibit  similar  behavior. 
At  these  higher  frequencies,  lesser  agreement  between  the  simulation  and  measurement  might  be 
expected  due  to  the  nature  of  the  wire  grid  model  and  the  smaller  wavelengths.  However,  with  the 
very  good  agreement  between  the  NEC  and  MWS  simulated  return  loss  at  these  frequencies,  it  also 
possible  that  there  is  an  issue  with  the  measured  data.  Finally,  it  should  noted  that  the  difference 
between  the  NEC  and  MWS  simulated  impedance  at  the  higher  frequencies  is  likely  a  result  of 
different  feed  point  reference  planes  in  the  two  simulations. 
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Fig.  1.  The  solid  plate,  slotted,  multiband  gasket  monopole 
antenna. 
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Fig.  2.  Measured  return  loss  of  the  slotted,  multiband 
gasket  monopole  antenna  relative  to  50  Ohms  impedance. 


Fig.  4.  NEC  wire  grid  layout  of  the  slotted,  multiband 
gasket  antenna  containing  7,864  wires. 
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Fig.  5.  A  comparison  of  the  simulated  and  measured  return 
loss  of  the  slotted,  multiband  gasket  monopole  antenna. 


Fig.  3.  Current  concentration  points  along  the  slotted 
gasket  monopole  as  a  function  of  operating  band.  The 
surface  current  distribution  is  shown  for  a  frequency  of 
4897  MHz. 
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Fig.  6.  A  comparison  of  the  simulated  and  measured 
impedance  data  over  a  frequency  spectrum  of  50  MHz 
through  12  GHz. 
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Fig.  7.  A  comparison  of  the  simulated  and  measured 
impedance  data  over  a  frequency  spectrum  of  50  MHz 
through  12  GHz.  The  measured  impedance  data  has  been 
shifted  to  align  the  feed  point  reference  planes  between  the 
NEC  simulation  and  the  measurements. 
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